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TITLE 

ESP PROTECTION CIRCUIT TRIGGERED BY LOW VOLTAGE 
BACKGROUND OF THE INVENTION* 

Field of the Invention 

The present invention relates in general to a 
electrostatic discharge (ESD) protection circuit triggered by 
low voltage. Particularly, the present invention relates to 
an ESD protection circuit comprising a durable metal oxide 
semiconductor (MOS) . 



K Description of the Related Art 

|ff 5 ESD is a major concern for estimating the reliability of 

an integrated circuit (IC) . All components of the IC having 
^ external connections, such as input pins, output pins, I/O 

pins, and power-bus pins must have the capability to discharge 
ESD stress and protect the core circuit of the IC. 
M° Referring to Fig.l, the conventional ESD protection 

circuit in US patent no. 5,456, 189 uses a lateral semiconductor 
control rectifier (LSCR) and a MOS transistor to achieve ESD 
protection. As shown in Fig.l, the ESD protection circuit 
comprises a p-substrate 16, an N-well 18, a p-type doped region 
20 in the N-well 18 as an anode, and an NMQS 22. The NMOS 22 
comprises a gate 26, an n-type second doped region 30 and an 
n-type first doped region 28. The anode 20, the N-well 18, the 
P-substrate 16 and the second doped region 3 0 form the LSCR. 
The first doped region 2 8 is formed at the junction between the 
N-well 18 and the P-substrate 16 to dissipate the current in 
the N-well 18. A p+ first contact region 34 and an n+ second 
contact region 3 6 are respectively formed in the P-substrate 
16 and the N-well 18 as shown in Fig.l. The second contact 



25 



30 



1 



11/16/01 FRI 16:08 FAX 



©009 



Client's ref . : 88-003/2001-11-16 
File:0492-4762XJSF/Hui 



region 36 and the anode 2 0 are both coupled to a pad 12, then 
coupled to a core circuit. The gate 26 of the MOS 22 and the 
first contact region 34 are coupled to a power pad, such as Vss. 
When ESD stress occurs at the pad 12, the major voltage 
5 drop occurs at the junction between the N-well 18 and the 
P-substrate 16. Due to the difference of doped concentration 
between the N-well 18 and the P-substrate 16, an avalanche 
breakdown voltage is lowest at the junction thereof to allow 
the current to dissipate into the substrate 16, triggering the 

? io LSCR. The ESD stress is discharged through the LSCR and thus 

y;j the core circuit is protected. 

% The resistance of the source and drain of the MOS have 

fil reduced with the development of the self -aligned-silicide 
u (Salicide) process. A large voltage drop occurs between the 

ill 5 first doped region 28 and the gate 26 because of the smaller 
L resistance of the first doped region 28. The gate oxide under 
M, th e gate 26 is designed to tolerate only low voltages (about 
Jjj 3V) under normal conditions, not the high voltage stress 
p resulting here . A conventional solution is to have the salicide 
N*0 process performed at the core circuit, but not at the ESD 
protection circuit. By doing so, a photo mask, creating extra 
manufacturing costs, is needed. 

Another solution is to increase the resistance of the 
first doped region 28 by increasing the length of the first 
25 doped region 28. Unfortunately, additional increases in 
manufacturing costs also result from the increased area of the 
first doped region 28. Worst of all, the resistance between 
the first doped region 28 and the MOS is not evenly distributed, 
causing uneven loading on the MOS gate which then damages the 
30 gate oxide of the gate 26. 

SUMMARY OF THE INVENTION 
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An object of the present invention is to provide an ESD 
protection circuit comprising a durable MOS transistor. The 
first doped region of the MOS transistor is specially designed 
to have higher resistance without changing the manufacturing 
5 process. Furthermore , the current load on the MOS gate is 
equally distributed to prevent damage to the gate oxide layer 
of the MOS gate in an ESD event. 

The present invention provides a low-voltage- triggered 
electrostatic discharge (LVTESD) protection circuit coupled to 
JO a pad of an integrated circuit (IC) to protect core circuits 
,f| of the IC from ESD event. The ESD protection circuit comprises 
^ a semiconductor substrate having the first conductivity type, 
f|j a well region having the second conductivity type formed in the 
fp semiconductor substrate, and an anode-doped region having the 

- .jfffeS first conductivity type formed in the well region to become an 
f anode of a semiconductor control rectifier (SCR) . The MOS 

transistor has a gate structure in the semiconductor substrate 
H outside the well region. The gate structure has a first side 
n and a second side. A first doped region having the second 
tfO conductivity type is formed between the well region and the gate 
structure immediately adjacent to the first side of the gate 
structure in the semiconductor substrate. A second doped 
region having the second conductivity type is formed next to 
the second side of the gate structure in the semiconductor 
25 substrate. A plurality of isolated islands are formed and 
distributed in the first doped region so that a current flow 
in the first doped region has to go around the isolated islands 
and the resistance of the first doped region is increased. 

With reference to circuit design, the present invention 
30 provides another low-volt age -triggered electrostatic 
discharge (LVTESD) protection circuit, coupled to a pad of an 
integrated circuit (IC) to protect the core circuit of the IC 
from ESD stress. The LVTESD protection circuit comprises a 

3 
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semiconductor control rectifier (SCR) and a metal oxide 
semiconductor (MOS) . The SCR comprises an anode, a anode gate, 
a cathode and a cathode gate. The anode is coupled to the pad. 
The MOS transistor has a second conductivity type and is formed 
5 on a semiconductor substrate having a first conductivity type 
comprising a well having the second conductivity type. The MOS 
transistor comprises a gate structure, a first doped region and 
second doped region. 

The gate structure is formed on the semiconductor substrate 
JO and has a first side and a second side. The first doped region 
is formed in the semiconductor substrate between the well and 
yj the gate structure and is immediately adjacent to the first side 
of the gate structure. The gate structure comprises at least 
4* one contact region coupled to the anode gate. The second doped 
f# region is formed in the semiconductor substrate adjacent to the 
^ second side of the gate structure, and is coupled to the 

jU cathode. A plurality of isolated islands is formed between the 
K contact region and the first side of the gate structure in the 

5 H a 

O first doped region. Current in the first doped region must flow 

m around the isolated islands, increasing the resistance of the 
first doped region. 

The isolated islands can be formed in various ways, mainly 
to make the current in the first doped region flow around the 
isolated islands and increase the length of the current path. 

25 A field oxide, or a floating gate with an oxide layer and a 
polysilicon layer, is used to form the isolated islands in the 
present invention. It is well known that a field oxide can be 
formed by LOCOS isolation process or by a trench isolation 
process. Preferably, each of the isolated islands has an 

30 elongated profile and is approximately parallel or 
perpendicular to the first side of the gate structure so that 
the resistance in the first doped region is increased. 
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The advantage of the present invention lies in the 
increased resistance of the first doped region without any 
change made in the manufacturing process, while the current 
load received by the MOS gate is distributed to protect the gate 
5 oxide of the MOS transistor from ESD stress. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the subsequent detailed description in conjunction 
JO with the examples and references made to the accompanying 
lf\ drawings , wherein : 

™l Fi 9- 1 is a perspective diagram of a conventional ESD 

p\ protection circuit; 

f ; Fi 9- 2A is a cross section of the ESD protection circuit 

i# of the present invention; 

$ Fig. 2B is a top view of Fig. 2A; 

Ij-is Fi 9- 2C shows the equivalent circuit diagram of Fig. 2A; 

H and 

p Fi 9> 3 shows a cross section of the ESD protection circuit 

m of the other embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The ESD protection circuit of the present invention 
comprises a durable MOS transistor. A first doped region of 
25 the second conductivity type of the MOS transistor is specially 
designed with higher resistance to protect the gate oxide of 
the MOS from an ESD event. 

As an example of the present invention, the first 
conductivity type is a p type and the second conductivity type 
30 is an n type in the present embodiment. It is apparent to those 
in the art that the polarity may be exchanged. 

Fig. 2A is a cross section of the ESD protection circuit 
of the present invention, and Figs. 2B and 2C are respectively 

5 
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the top view and the equivalent circuit diagram of Fig.2A. The 
ESD protection circuit 10 of the present invention is coupled 
to a pad 12 of an integrated circuit (IC) to protect the core 
circuit 14 of the IC from ESD event . The ESD protection circuit 
5 10 comprises a p-type semiconductor substrate 16, an n-well 18 
and a p-type anode doped region 20. The n-well 18 is formed 
in the semiconductor substrate 16. The anode doped region 20 
is formed in the n-well 18. A gate structure 22 is formed in 
the substrate 16 outside the n-well 18 and is comprised of a 
10 first side 26 and a second side 24. An n-type first doped region 

Ci 28 is formed between the n-well 18 and the gate structure 22 
and is adjacent to the first side 26 of the gate structure 22 

ul in the semiconductor substrate 16. An n-type second doped 
region 3 0 is formed in the semiconductor substrate 16 and 

145 adjacent to the second side 24 of the gate structure 22 in the 
semiconductor substrate 16 . A p-type first contact region 34 
and an n-type second contact region 36 are respectively formed 
in the semiconductor substrate 16 and the n-well 18. As shown 

Ql in Fig.2A, the anode doped region 20, the n-well 18, the 
semiconductor substrate 16 and the second doped region 30 form 
a PNPN structure. Therefore, the anode doped region 20, the 
n-well 18, the semiconductor substrate 16 and the second doped 
region 3 0 are respectively the anode, anode gate, cathode gate 
and cathode of a semiconductor control rectifier (SCR) formed 
25 by the PNPN structure. 

A plurality of isolated islands of field oxide layers 32 
with approximately the same width are evenly formed and 
distributed in the first doped region 28 as shown in Figs. 2A 
and 2B. When a current flows through the first doped region 
30 28, the current does not pass through the field oxide layers 
32, but around them, so that the resistance of the first doped 
region 28 is increased. 
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The first contact region 34, the second doped region 30 
and the gate of the gate structure 22 are coupled to a power 
pad, such as VSS. The first doped region 28 functions as a 
resistor due to the result of the field oxide 32 layers. One 
end of the resistor is coupled to the gate structure 22, and 
the other end is coupled to the n-well 18 , the anode gate. The 
second contact region 3 6 and the anode doped region 2 0 are 
coupled to the pad 12 (the anode) . The equivalent circuit 
diagram of the electronic connection is shown in Fig.2C. 

When electrostatic voltage occurs at the pad 12, the voltage 
is transmitted to a side of the gate structure 22 slowly due 
to the obstruction of the isolated islands 32 in the first doped 
region 28 . Therefore, it is possible to trigger the SCR before 
the voltage of the gate structure side 22 exceeds a critical 
value damaging the gate oxide by adjusting the resistance 
formed by the isolated islands 32. The gate oxide of the gate 
structure 22 is thus protected with the side voltage of the gate 
structure being reduced. 

The isolated islands are distributed in the first doped 
region 28 to divert the current flow in the first doped region 
28 and allow it to evenly reach the side of the gate structure 
22. The gate structure 22 then uniformly triggers the SCR to 
achieve optimum ESD protection. 

The isolated islands are primarily used to divert at least 
a portion of the current flow. Alternatively, a floating gate 
40 can be used to replace each of the isolated islands, as shown 
in Fig. 3. The floating gate 40 comprises an oxide layer formed 
on the semiconductor substrate 16 and a polysilicon layer 44 
formed on the oxide layer. Gate patterning is tight in the 
design rule of semiconductor process. Therefore, an increased 
number of tinier isolated islands are fabricated and larger 
resistance in the first doped region 28 results. It is noted 
that an isolated island can be of an elongated shape which can 
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be approximately parallel or perpendicular to the first side 
of the gate structure so that the length of the current path 
is increased and the resistance in the drain doped region 28 
becomes higher. 

5 In comparison to the conventional LVTESD circuit in a 

salicide process of semiconductor manufacturing, the present 
invention provides a plurality of isolated islands to increase 
the resistance of the drain doped region of an MOS , As a result, 
no extra photo mask is needed. It is noted that since the 
10 isolated islands can be fabricated thin and long and configured 
W approximately parallel or perpendicular to the first side of 
,pi the gate structure 22, not much area is needed to accommodate 
^ the isolated islands. The configuration of isolated islands 
'j* helps the gate structure 22 trigger the SCR of the semiconductor 
fp evenly and achieve better performance. 

g Finally, while the invention has been described by way of 

H example and in terms of the preferred embodiment, it is to be 
understood that the invention is not limited to the disclosed 
LP embodiments. On the contrary, it is intended to cover various 
l|p modifications and similar arrangements as would be apparent to 
those skilled in the art. Therefore, the scope of the appended 
claims should be accorded the broadest interpretation so as to 
encompass all such modifications and similar arrangements. 
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What Is Claimed Is: 



1 1. A low-voltage-triggered electrostatic discharge (LVTESD) 

2 protection circuit, coupled to a pad of an integrated 

3 circuit (IC) to protect core circuits of the IC from ESD 

4 event, the ESD protection circuit comprising; 

5 a semiconductor substrate having the first conductivity 

6 type ; 

7 an well region having the second conductivity type, formed 

8 in the semiconductor substrate; 

9 an anode doped region having the first conductivity type, 
%£? 10 formed in the well region; 

iu 11 a gate structure, formed in the semiconductor substrate 

4* 12 and outside the well region, the gate structure having a first 

jL 13 side and a second side; 

s 14 a first doped region having the second conductivity type, 

I : 15 formed between the well region and the gate structure, 
immediately adjacent to the first side of the gate structure 

™17 in the semiconductor substrate; 

Hi8 a second doped region having the second conductivity type, 

19 formed next to the second side of the gate structure in the 

20 semiconductor substrate; and 

21 a plurality of isolated islands distributed in the first 

22 doped region so that the resistance of the first doped region 

23 is increased, 

1 2. The ESD protection circuit in claim 1, wherein the ESD 

2 protection circuit further comprises: 

3 a first contact region having the first conductivity type, 

4 formed in the semiconductor substrate and 

5 a second contact region having the second conductivity 

6 type, formed in the well region; 
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7 wherein the first contact region is coupled to the second 

8 doped region and a power pad of the IC, and the anode doped 

9 region is coupled to the pad. 

1 3. The ESD protection circuit in claim 1, wherein the second 

2 contact region is coupled to the anode doped region. 

1 4, The ESD protection circuit in claim 1, wherein the gate 

2 structure has an oxide layer formed on the semiconductor 

3 substrate, and a polysilicon layer formed on the oxide 
O 4 layer. 

hi* l 5, The ESD protection circuit in claim 4, wherein the 

"?a 2 polysilicon layer is coupled to the second doped region. 

™" l 6. The ESD protection circuit in claim 1, wherein each of the 

H 2 isolated islands comprises an oxide layer formed on the 

\ , 3 semiconductor substrate , and a polysioicon layer formed on 

CP 4 the oxide layer. 



1 7. The ESD protection circuit in claim 1, wherein the isolated 

2 islands are field oxide. 

1 8. The ESD protection circuit in claim 1, wherein each of the 

2 isolated islands has approximately the same width. 

1 9. The ESD protection circuit of claim 1, wherein each of the 

2 isolated islands is elongated and approximately parallel to 

3 the first side of the gate structure. 

1 10. The ESD protection circuit of claim 1, wherein each of the 

2 isolated islands is elongated and approximately 

3 perpendicular to the first side of the gate structure* 
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1 11. THE ESD protection circuit in claim 1, wherein the first 

2 type is a P-type, and the second conductivity type is an 

3 n-type . 

1 12 . A low-voltage-triggered electrostatic discharge (LVTESD) 

2 protection circuit, coupled to a pad of an integrated 

3 circuit (IC) to protect the core circuit of the IC from ESD 

4 stress, the LVTESD protection circuit comprising: 

5 a semiconductor control rectifier, comprising an anode , 
^ 6 a anode gate, a cathode and a cathode gate, the anode is 
yl 7 coupled to the pad; and 

8 a metal-oxide-semiconductor (MOS) having a second 

9 conductivity type, formed on a semiconductor substrate 
JZlO having a first conductivity type comprising a well having 
is 11 the second conductivity type, the MOS comprising: 

f"12 a gate structure, formed on the semiconductor substrate, 

MJ3 having a first side and a second side; 

^14 a first doped region, formed in the semiconductor 

|,^15 substrate between the well and the gate structure and 

16 immediately adjacent to the first side of the gate 

17 structure, comprising at least one contact region coupled 

18 to the anode gate; 

19 a second doped region, formed in the semiconductor 

20 substrate adjacent to the second side of the gate structure, 

21 and coupled to the cathode; and 

22 a plurality of isolated islands, formed between the 

23 contact region and the first side of the gate structure in 

24 the first doped region, resulting in increased resistance 

25 of the first doped region. 

1 13. The ESD protection circuit in claim 12, wherein each of 

2 the isolated islands comprises an oxide layer on the 
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3 semiconductor substrate, and a polysilicon layer on the 

4 oxide layer. 

1 14. The ESD protection circuit in claim 12, wherein the IC 

2 further comprises a plurality of oxide layers, and each of 

3 the isolated islands is formed by one of the oxide layers. 

1 15. The ESD protection circuit in claim 12, wherein each of 

2 the isolated islands has approximately the same length. 

U i is. The ESD protection circuit in claim 12, wherein each of 
y;j 2 the isolated islands has an elongated profile and is 

Jjf 3 approximately parallel to the first side of the gate 

b p 4 structure. 

5 1 17. The ESD protection circuit in claim 12, wherein each of 
f ;; " 2 the isolated islands has an elongated profile and is 

Lk 3 approximately perpendicular to the first side of the gate 

y § 4 structure. 



1 18. The ESD protection circuit in claim 12, wherein the first 

2 conductivity type is a p type, and the second conductivity 

3 type is an n type. 
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ABSTRACT OF THE DISCLOSURE 

The present invention provides a low-voltage-triggered 
electrostatic discharge (LVTESD) protection circuit coupled to 
a pad of an integrated circuit (IC) to protect core circuits 
5 of the IC from ESD . The ESD protection circuit comprises a 
semiconductor substrate having the first conductivity type, a 
well region having the second conductivity type is formed in 
the semiconductor substrate, and an anode -doped region having 
the first conductivity type and formed in the well region to 
10 become an anode of a semiconductor control rectifier (SCR) . A 
gate structure is formed in the semiconductor substrate outside 
yl the well region. A first doped region having the second 
2{| conductivity type is formed between the well region and the gate 
4* structure in the semiconductor substrate. A second doped 
U§ region having the second conductivity type is formed adjacent 
s to the second side of the gate structure in the semiconductor 

H substrate, A plurality of isolated islands are evenly formed 
iU and distributed in the first doped region so that current in 
fJl the first doped region must flow around the isolated islands 
\m to increase the resistance of the first doped region. 
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O I ] national stage of PCT 

Sfi>T& // one of tfie following 3 Hams apply, th&n complete and also attach ADDED PAGES FOR 

ftfl/IStONAL CONTINUATION, Oft CtR 

In [ ] divisional 

;J1 [ J continuation 

% [ ] continuation-in-part (CIP) 

ijlflENTORSHiP IDENTIFICATION 

WARNING: If tha inventors, are eacfi not tha Invantors of ell the claims an explanation of the facts, 
fiduding tha. -ownership of all the claims at tha time iha last claimed invention was made, should ba 
Submitted 

Mf residence, post office address and citizenship are as stated below next to my name. I 
lljHIeve.l am the original, first and sole inventor (if only one name is listed below) or an 
dn^rnai, first and joint inventor (if plural nemas are listed below) of the subject matter which 
is tlaimed and for which a patent is sought on the invention entitled; 

TITLE OF INVENTION 

BSD PROTECTION CIRCUIT TttTfi GERgiD pY T.OW YOT.TJU3B 

SPECIFICATION IDENTIFICATION 

the specification of which: (complete (a), (b) or(c}) 

(a) [ x] Is attached hereto. 

(b) [ ] was filed on as [ ] Serial No, / 

or ( ] Express Mail No., as Serial No, not yet known, _ 

and was amended on Jif applicable). 

NOTE: Amendments fried after tha original papers am deposited with tha PTo which contain ne w matter are 
not accorded a fftfng date by being referred to in tha declaration, Accordingly, the amendments involved am 
tnosa ftiad with tha appticalbn papers or, in tha esse of a supplemental declaration, ara those amendments 
claimmg matter not encompassed In the ort&nai statement of Invention or cleims. See 37 CFR t,67. 

(c) ( J was described and Qlgtmed in PCT International Application 

No. ... 

filed on as amended under PCT Article 19 (1) 

on , - (if any), 
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ACKNOWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that { have reviewed and understand the contents of the above identified 
specification, fnciuding the claims, as amended by any amendment referred to above. 

- a Sr°l!i e i fle the duty 10 disclose information which is materia! to patentability as defined 
in Title 37, Code Federal Regulations § 1 .56. 

statement^ CFRl 97 W ' tH * h ' S duty there ia attached an information disclosure 
PRIORITY CLAIM 

I hereby claim foreign priority benefits under Title 35. United States Code, § 119 of any 

3 n *- ap ? , l C 5 ti0 " (s) for paten! 0r inve(1 ^'s certificate or of any PCT international 
^ppHcaton(s) designating at least one country other than the United States of America 
|sted below and have also identified below any foreign appiicattons(s) for patent or 
.inventors certificate or any PCT international application(s) designating at least one 

flE ?? Un il ed , ° f , AmeflCa by ™ ° n ^sameUjert mane" 
paving a fling date before that of the applications) of which priority is claimed. 



* (d) [ ] no such applications have been filed. 

iu (e) pq such applications have been filed as follows. 

^i^^^^l?^^^^^ tntemailon * Application whiob debated the U.S. ctofmed 
f&oniycMckiUim {&). enter ihB etefs/fe below and make the priority daim. 

flS;SSLr£5! ,6N APPL,CA TI0N(S), IF ANY, FILED WITHIN 12 MONTHS 
ft °m^m FQR p E SI < SN(Sj] PRIOR T O THIS U.S. APPLICATION ™ 5 



Taiwan, R.O.c. 



APPLICATION 
NUMBER 



83124513 



DATC Or riLIMQ 

(day, month, year) 



20/11/2000 



PRIORITY CLAIMED 
UNOER 37 USC 119 



{ J YES | J NO 



| JYES f |NO 



[ JY6S [ JNO 



ALL FOREIGN APPLICATIONS), IF ANY FIL£D MORE THAN la mo*it*« 
(6 MONTHS FOR OHSW^S,) PWOR TO SEHSISSto T 



COUNTRY 



APPLICATION 
NUMBER 



DATE OF FILING 
Ictoy, month, veer) 
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POWER OF ATTORNEY 

As a ftarned Irtventor, l hereby appoint the following attomayte) and/or agenifa) to prosecute Wa application and tranwci 
afj business in the Pacent and Trademark Office connected therewith. (Usinems and registerf/op numhor) 

Richard P. Berg, Reg. No, 28,145 Victor Repkin, Reg. Mo, 45,039 

Mavis S. Gallenson, Reg. No- 32,464 Jono Palmer, Reg. No. 36,885 

Ksrn C. Louie. Reg, No. 33,008 Peter D, galloway, Reg. No, 27, &B5 

Ross A. Schmlft Reg, No. 42,529 William R, Evana, Rag. No. 25, Q5& 

fr^ecfc th* bikwing item, if applicable) 

I ) Araefted as part orthte declaration and pmrarof attorney 18 1he authorteation of tha abovB-namad 
attorney^) to acoeprl and follow InBtrucaons from my representative^), 

SEND CORRESPONDENCE TO: DIRECT TELEPHONE GALLS TO; {N*me telephone number) 

Richard P. Berg, Esq, 

do U0AS & PARRY ' ^hnri P. Berg 

5670 woshire BpurevsTti, SuHa 2100 

UpAngele^ Caltfomla 90038*6679 (323)934-2300 



DECLARATjQN 

I Neraby dodam Wat all statements m$de herein of my own knowledge are true and that aft statements made on 
InfamaHon and -beM are believed to oe true; and further that thaee statements *ere mada with the krwwfedge that 
wlf Vl false statements and the Ike so made are puntehaoJe by fine or Imprisonment, or both, under Section 1001 of Title 
if of the United States Code, and that such wHIftjl falsa statements may Jeopardize the validity of the applteatlan or any 
peil&nl (a/sued thereon. 



SIGNATURE 

Ffi name of first inventor t^.t.pp vrj 

Inventor's signature <.—£*»■ ^ 

Date ^ 
Residence Sams as r.he Post office adrire ga fhaiam 



Country of Citizenship Taiwan, p.o.c. 



Ppst Office Address 4T, No, l, Mlev40. t.ane 572. s^c . a. ch U np-H«ir. q 

Rd . .. QlUtunq Chfin, Hainnhu Ha-ion Taiwan. R.r, r. 

Full name of second inventor sfn -tv^ t t -tw 



Inventor's signature /Z^-^J^^ tC<^_ 

pat6 ^. /^^o/ Country of CftfeenshipOL&JL 

Residence „£an\e as the Post- offi^ aforpBa f^ r ) 



Post Office Address SP, No. 69 s^. ? Vm-Wno w gd.. r^in m. ch^. 

Ta-Tuna District. T a iwan, g.o.r. 
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CHECK PROPER BOX(ES) FOR ANY OF THE FOLLOWING ADDED PAGES(S) 
WHICH FORM A PART OF THIS DECLARATION 

[ ] Signetina for third and subsequent jo intln venters. Number cf pages added 

I I Sfenature by sdmtntatrato?(WX). exacufcitlri*) ar legal repre*ont&tivfl for doceafied ar Incapacitated 
inventor. Nvmbsc of pages 

( J Signature for inventor who refuses to sign fir cannot be reached by person authorized under 37 CFR 
1 ,47. Number of pages addsdl Attd*4 pages to com&lnad declaration and pow&r of attorney for divisional, continuation- 
in-part (Q\P) application. 

Number cf pages added _ 

a** 

F ] Authorization of atomey(&) to accept end fcllaw tnslnjctionp irom repfeeentatfva. 
if no fUftfwr fitgts form * p«* of mis OecimtiM rten anef ftft Dteflittffoft this »nc/ chtetk tht 

[ X ] Th»$ declaration snda with thEs page. 



TOT PL P. 36 
TOTAL P. 06 



